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lation of auxiliary steam plants to supply the deficiency 
during the three months adds so much to the yearly cost 
of the power in the way of interest, depreciation, insur- 
mce, and operation, as well as for fuel, that a power plant 
of this chara.cte,r can not usually c0mpet.e with one not 
requiring an niixiliary plant. 

The diversion of water froin a stream is almost invnri- 
ably so iiiterrelatecl with other uses of water from the 
same stream, either present or future, that economic 
development of our water resources requires that each 
new use of water proposed, whether by diversion 
alone or by storage and diversion both, be considerecl in 
connect,ion wit,h ail other possible uses of water from t,he 
same streani before the right is granted to construct. 
This is precisely what is done now in all the older coun- 
bries where irrigabion is practiced, such as Ibaly, Fmnce, 
and Spain. 

To illustxate: If the irrigation interests of a valley or 
drainage basin appear, after a thorough c.onsideration, 
to be superior to power int,erests-that is, of more value 
to the Stat.e-the granting of a lower right on the st.ream 

to all subsequent diversions above for irrigation. If, on 
the other liancl, after fuU consideration antl wit,h all the 
data essential to si1c.h consideration and study, it appears 
that the stream is more valuable for power purposes, 
t.lien diversion for irrignt.ion should be made inferior to 
power diversions. 

If this is not done we may see the spectacle of a power 
plant worth, say, $ l , O O O , O O O ~  on t,he lower course of a 
strewn, holding u I irrigation development above worth 
many millions. &en if t,he power right be condemned 
and tlie owners fully conipensated for all espenclitures 
nncl all values of the site as a power site, it will, never- 
t,heless, have been an econoniic waste. 

It will be said by some, “Let the fellow who gets there 
first liave it. ‘Fincling is having.”’ Now the facts are 
tlirtt the value of d l  wat.er rights is rnn.de by t,lie people 
aiid their increasirig desire to iiso or utilize such resources. 
Should t,hey not, t,lien at  least have the privilege of sap- 
iiig in what manner tlie water right shall be clevelo ,ed ? 

tt whole and not to the value added to tlie natural value 
by individual labor or effort,. The individual right, to 
bliis latter will hardly be questioned. 

Aiiy systeiiiat,ic tlevelopineut of wat,er resources must 
include mining and navigat,ion. The uast,ioii of hydrnulic 

t,ion in Chlifornia. The interests of this St.at.e in river 
navigation where it will be aflected by t,he use of wat,er 
itbore navigation may, in years to come if not now, be 
ireater than that of mining. 

There comes under navigation tlie use of certniii 
st,re;tnis for logging. I know of a stream on whic.li tlie 
logging interests are cloniinant t,hrough earlier use, at  
the ex iense of irrigation interests. It iii:~y be in this 
ptirticu \ ar case t.hRt the logging int,erests should liave 
t,lie superior right-that, tlie stream in that way yields a 
great,er service to the Stmate; but it may not. and we can 
conceive of a stream beina held for logging )ur mses 
when it would be of infiniteyy greater value to t\ie h a t e  
as an irrigation stream. 

Ot,lier water resources are artesian supplies and puni )- 

has been done by t.he United States Geological Surrey 
in investigat,ion of artesian-well possibilities by st,udy of 
the geological formations. Earlier bulletins by ltussell 
and a later water-supply paper by Waring are valuable 
for reference in this connection. 

below tlie irrigabion lands shou 1 cl only be done as inferior 

I linve reference only to the value niacle by the peop 11 e 13s 

mine t,ailings has been t.he cause of a 7 most endless lit,igit- 

ing from wells a i d  streanis for irrigation. C‘oiisidernb 5 e 

WATER RESOURCES IN THEIR RELATION TO FORE6TS. 

Much has been saicl in the last few years of the value 
of forests in kee in up the summer flow of streams and 
thus benefiting Eot i  irrigation and power development. 
The radical si1 >porters of forestry conservation will tell 

)lausible, antl yet you will find a great many of the 
!iydraulic engineers of the coiintiy, if not indeed a large 
majority, of the opinion that the value of forests in pre- 
serving stream flow is ver questionable. 

neers, in a carefully pre lnrecl paper read before the 
Smericnn Society of Civil Engineem last year, refuted 
many of tlie arguments of the radical forestry advocates. 

A h .  John R. Freeman, one of the most eminent engi- 
neers in New Englancl, in an address before a meeting of 
engineers to consider conservation of nationai resources, 
saicl to his personal knowledge no perceptible change had 
taken place in Yew- England strennis from defcmstation 
within his lifetime nor, so far as the available records 
show, since deforestation beman. 

Prof. millis I,. AIoore, &ief of the United States 
Weather Bureau, in n carefully pre1)ared report on The 
Influence of Forests on C‘linirttes and Floods, which was 
printed by direction of the C‘omiiiittee on Agriculture in 
the House of Representatives, st stes that the high wa- 
ters in our rivers are not higher and tlie low waters are 
not lower than fornierly, hut, on the contrar-y, there 
appears to be a tendency in late years toward a slightly 
better low-water Aow in summer. He, like riiost of the 
meteorologists, believes that tlie broken, cultivated, ier- 
men1jle sod i3 equally as goot~ a conserver of rainfah as 
tlie forest area itself, and weather statistics favor the 
opinion of those who question the value of forests in pre- 
serving stream flow. 

The following comparison of streams from forested 
and nonforested areas is from data prepared by John C. 
Stevens of Portland, Oreg., who was at  the tinie assistant 
engineer of the United States Geological Survey, in 
charge of liyclrograpliic investigations in Oregon and 
Wnsliiiigton: 
A4 standard measure of the uniformity of flow is a very difficult thing 

to secure. For want of a better standard we may take the ratio of the 
nmsimuni to the minimum discharge as the measure of uniformit 
To show how it varies on different streams and under different con& 
tions of forestation we will select a few streams in  groups of two that 
dr.tin both a torested and nonforested area and have nearly the same 
climatic conditions. As the intention is to show only relative condi- 
tions of flow, a single year’s record is sufficient if simultaneous on the 
streams compared. 

We will take for our first pair of streams the Donner and Blitzen 
River which flows into Barney Lake from the south and the Silvies 
River which flows into the same lake from the north. The Donner 
and Blitzen River drains the western slo e of Steins Mountain and the 
watershed is without forest of any kind: The Silvies River, as the 
name implies, is quite heavily forested and it drains the southern slope 
of the Blue Mountains. The records of 1909 on both streams have 
been used. The hiehest discharge on Silvies River is 135 times the 
minimum flow and is in strong contrast to the even discharge of Donner 
and Blitzen River, whose maximum is less than 12 times the minimum. 

We will take for our next pair of streams two which drain op osite 
sides of the Sierra Nevada Mountains in central California. k n g s  
River drains the western slope and its entire area is h e a d y  forested. 
Owens River drains the eastern slope and it is practical1 without 
forest of any kind. The soil of both is of granitic orign andrthe topo- 
uaphic  features are not different. The rainfall on the Kings River 
drmnage is a s e a t  deal more than on Owens River. On this account 
one would expect Owens River to present some of the features of and 
r e ~ o n  streams, but this does not appear to be the case. The discharge 
for 1906 has been used for both streams. The maximum discharge of 
Owens River is only 5 times the minimum while the maximum die- 
charqe of Kincs River a t  the mme time was 130 times the minimum 
discharge. The contrast is most atriking and is all the more significant 
because the chief physical difference is that of difference in  forest con- 

us that it hard f y itdniits of argument. It certainly looks 

C‘ol. H. 11. Cliittenilen o T the United States Army Engi- 
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ditiona. Owens River is to be utilized a6 a source of future water 
supply for the city of Los Angeles and the surroundinq rtomitry. 
Forestry enthusiasts have advocated the artificial fiwstntiou ( ~ f  itn 
watershed to render the flow more unifurm. If this compnrimn is any 
indication it would be well to let well enough alone. 

We have compared two sets of streams, each possessinq different 
conditions of forestation. Let us nom examine three streams uncler 
the conditions existing on the plains of the Riiddle ]Vest. All three 
streams head in the foothills of the Rocky Mountains and flow eastwaid. 
The physical conditions as regard elevation, precipitation, and tem- 
perature are almost identical. Niobrara River flows from Wyon~inq 
acro88 the northwestern part of Nebrash. R~1JUblicm River fh)v s 
from Colomdo acrow the southwestern portion of the State. Frencli- 
man River is a tributary of the Republican River from the north. -411 
three watersheds are treeless. The first significant feature is thnt the 
ratio of maximum to minimum for all three streams without forests is 
much lm than the corresponding ratio for the forested arew previuusly 
considered. The next significant feature is that the unifcrrniit y of 
flow among them differs widely. Plainly this can not be attributed 
to forests since there are none. The records for l R O G  are used. The 
maximum discharge of the Niobrara was only 5 times its minimum. 
The maximum flow of the Republican was 34 times the minimum and 
of the Frenchman 11 times. 

For 
this purpose the Willamette River, draining the territory between the 
Cascade and Coast Ranges in  Oregon, the Deschutes River, which pard- 
lels the Rillamette River on the east side of the Cascade Mount;hs. 
and the Crooked River, which is a tributary of the Deschntes River 
from the east, will be taken. From the summit of the Cascade Rmye 
eastward the rainfall and consequently the stand of timber diniinishes 
until the ascending slope of the Blue Mount;~ins is reached. where the 
rainfall and stand of timber increases. Westward from the sunimit 
of the Cascade Mountains the rainfall diminishes to the Willamette 
River, then increases to the niasimum at  the summit of the Coast Ranqe. 
The forests cover the entire drainage mea of the Willaniette River to 
the very banks of the river except where it has bePn rernov.ed bv man. 
This area ie one of the most densely forested areas in the United 'Stntes. 
The logging that has been done h a b  beell confined to the lower altitudes 
and the foresta of the water-producing ortion of this firen are still i n  
their primeval state. On the watershecrof the Deschutes River pmc- 
tically no timber has been cut. but only about 60 >er cent of its drain- 
age area may be considered as forested. Crooked River, which is its 
g-incipal tributary, drains the western slo e of the Blue Mountains. 

n its headwaters the forests are almost as iense as those on the heacl- 
waters of the Deschutcs River. Now note the great difference in uni- 
formity of flow from these three forested areas. The records of 1909 

We will now compare three s t ream under forested conditions. 

have been used and it is seen that the maximum of Deschutes River 
is only 5 times the minimum. On the Willamette River the ratio 
is 57, and on Crooked River 111 for the Bame period. 

It is to be regretted that there are so little data upon 
which to  niake tt more complete analysis of the conditions 
o f  flow on these streams. I<nowledge of the rainfall is 
incomplete, and only very meager information is availa- 
Me as to the condition of  the soil. There is no doubt, 
however, that if we coultl dace all these streams on the 
sniiie basis we would find hiat the heavily forested areas 
would deliver less water in proportion to the amount of 
rainfall received tlian the nonforested areas. In  fact it has 
been shown from recent experiments in Switzerland that 
the run-off from forested areas is fre uently but 60 per 
cent of that from cleared watershecls, a 7 1 other conditions 
being the same. 

It is admitted by all, I believe, that the total run-off 
of a stream is lessened by forests. On any stream 
clevo ted to  irrigation or power, therefore, where storage 
is provided for the entire run-oB of ordinary low-water 
years, the forests might, be ~7ery detrimental. The time 
will come when several streams of eastern Oregon will 
be thus provided with storage for all the run-off of ordi- 
nary years. Forests would not linve aided the Hondo 
reservoir nor the Sweetwater reservoir before mentioned. 
On the other liand it must be admitted that the forests 
tend to irevent erosion of the ground ltncl thereby mate- 

I mention these things only to call attention to the 
many sides of wnter conservation. I do not wish it 
understood that I am opposed to reasoilable forest con- 
servation. I believe that the forests, both ublic and pri- 
vate, are peculiarly a natural resource in w Y iich the whole 
people have a vital interest. I would even suggest the 
ndmsability of requiring lumbermen to reseed and main- 
tain one acre for every acre lagged, if the interests of the 
State would be thus best served. 

rinlly de \ ap the fillinc up of the reservoirs with silt. 
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